From the Regional Medical and Surgical Cardiology Centres, Royal Victoria Hospital, Grosvenor Road, Belfast, N Ireland SUMMARY Data concerning 17 consecutive patients with discrete subaortic stenosis are recorded. Twelve patients underwent operative resection of the obstructing lesion. Of these all except one were symptomatic and all had electrocardiographic evidence of left ventricular hypertrophy or left ventricular hypertrophy with strain. They had a peak resting systolic left ventricular outflow tract gradient of >50 mmHg as predicted from the combined cuff measurement of systolic blood pressure and the echocardiographically estimated left ventricular systolic pressure and/or as determined by cardiac catheterisation. The outflow tract gradient as predicted from M-mode echocardiography and peak systolic pressure showed close correlation with that measured at cardiac catheterisation or operation. During the postoperative follow-up from one month to 11 years, of 11 patients, one patient required a further operation for recurrence of the obstruction four years after the initial operation. All patients are now asymptomatic.
Five patients have not had an operation. The left ventricular outflow tract gradient as assessed at the time of cardiac catheterisation was <50 mmHg. One patient has been lost to follow-up. The remaining four have been followed from four to eight years and have remained asymptomatic and the electrocardiograms have remained unchanged.
Careful follow-up of all patients is essential with continuing clinical assessment, electrocardiograms, M-mode and two-dimensional echocardiograms, and if necessary cardiac catheterisation. Prophylaxis against bacterial endocarditis is also essential.
Discrete subaortic stenosis has been recognised for many years and may account for 8 to 30 per cent of patients with congenital left ventricular outflow tract obstruction. [1] [2] [3] Many patients are in the paediatric age range but it has also been recorded in adult patients. [2] [3] [4] [5] It has been reported that the left ventricular outflow tract obstruction in discrete subaortic stenosis may be progressive.' 6While the echocardiographic features of this condition have been described,3 4 711 little information is available on the echocardiograms in patients during the follow-up or postoperative periods.0 In this study we describe the clinical, electrocardiographic, echocardiographic and haemodynamic features, operative findings, and follow-up of 17 patients with discrete subaortic stenosis.
Patients and methods
All 17 consecutive patients were diagnosed and followed at this centre between 1969 and 1980. Cardiac catheterisation and angiography were carried Received for publication 12 March 1981 out in 16 patients under local anaesthesia. M-mode echocardiography was performed in 13 patients using a Smith-Kline Ekoline 20-A echocardiograph with a 2.25 MHz transducer focused at 7.5 cm, and coupled to a strip-chart recorder. In seven patients, twodimensional echocardiography was performed preoperatively with a Varian Phased Array V-3500. For those patients requiring operation, M-mode and two-dimensional echocardiographic studies were performed within 72 hours of the operation and for those who have not had an operation, within 72 hours of cardiac catheterisation.
The left ventricular outflow tract dimension was measured as the distance between the septum and the first recognised closure point of the mitral valve below the level of the aortic valve (see Fig. 4 ). This measurement extended from the anterior edge of the mitral valve echo to the posterior endocardial edge of the interventricular septal echo, and was made on sweeps from the aorta to the left ventricle. The peak systolic outflow tract gradient was predicted by subtracting the cuff measured brachial arterial peak 
Results
At the time of cardiac catheterisation or operation the ages of the patients ranged from 6 to 25 years (mean 14). There were nine female patients. Twelve patients had symptoms when assessed at the time of cardiac catheterisation and/or operation ( Table 1 ). The commonest symptoms were tiredness and lethargy in eight patients, dizziness in seven, shortness of breath on exertion in six, chest pain in three, syncope in one, and palpitation in one. All patients had a loud systolic murmur accompanied by a thrill at the left sternal edge and base of the heart. The murmur was heard maximally in the second and third left intercostal spaces and radiated into the carotids. No patient had an ejection click though two had a bicuspid aortic valve. Fourteen patients had an immediate early diastolic murmur audible at the left sternal edge. One patient had wide splitting of the second sound, but none had paradoxical splitting.
The peak resting systolic left ventricular outflow tract gradient in patients with symptoms ranged from 30 to 170 mmHg (mean 94mmHg, Table 1 ). This gradient was assessed either at cardiac catheterisation or intraoperatively where no preoperative cardiac catheterisation was carried out. (Case 15 had two operations and the gradient taken was that preceding the first operation). In patients without symptoms the gradient ranged from 26-70 mmHg (mean 43 mmHg). When the mean gradient in patients with symptoms was compared with that in those without them the difference was statistically significant (P<0.05, Student's t test).
In 15 patients the electrocardiogram at the time of cardiac catheterisation and/or operation showed left ventricular hypertrophy. Eight had left ventricular hypertrophy with strain as shown by inverted T waves in the lateral praecordial leads. Within six years of the initial presentation, nine patients developed left ventricular hypertrophy or a strain pattern occurred in association with left ventricular hypertrophy; in three of these nine patients (cases 4, 5, and 1 1) a strain pattern developed in association with left ventricular hypertrophy within three years of the initial electrocardiogram. At the initial presentation, cases 5, 8, and 11 had cardiac catheterisation. Two of these (cases 5 and 11) showed a definite increase in the outflow tract obstruction as predicted by echocardiography or by repeat cardiac catheterisation before operation. The electrocardiographic changes coincided with the increase in the outflow tract gradient.
The peak resting systolic left ventricular outflow tract gradient in patients with left ventricular hypertrophy ranged from 30 to 170 mmHg (mean 86 mmHg, Table 1 ). In eight patients who showed left ventricular hypertrophy with strain, the outflow tract gradient ranged from 50 to 170 mmHg (mean 105 mmHg). In the patients without left ventricular hypertrophy, the outflow tract gradients were 26 and 32 mmHg. All patients with symptoms had either left (Table 2) . Chest x-ray film showed an increase in the cardiothoracic ratio of >55% in 8 patients. Only two patients showed dilatation of the ascending aorta. One of these had a bicuspid aortic valve. ECHOCARDIOGRAPHY M-mode echocardiography carried out in 13 patients showed early systolic closure of the aortic valve cusps in 12 (Table 3 , Fig. 1 ). In the remaining patient (case 8) with a bicuspid aortic valve, one of the aortic cusps was flail after bacterial endocarditis. Seven patients showed early systolic closure of the right coronary cusp, that is the anteriorly placed cusp, four had early systolic closure of both the right and non-coronary cusps, and one showed only early systolic closure of the non-coronary cusp. Fine flutter of the aortic cusps was present in all except the patient with the flail aortic cusp. Fine flutter of the anterior mitral leaflet was present in all patients, and case 8 with severe aortic regurgitation showed premature mitral valve closure.
Two patients showed echoes in the left ventricular outflow tract. In one it was caused by prolapse of a flail aortic cusp occurring after bacterial endocarditis
In the other multiple echoes were found in the left ventricular outflow tract but no distinct diaphragm could be detected (Table 3 , Fig. 2 ). Two-dimensional echocardiography, however, identified the subaortic diaphragm or ridge in seven patients (Table 3, Fig. 3 ).
Left ventricular outflow tract dimension was reduced in all patients (Table 3 , Fig. 4 ).
There was a good correlation between the peak resting systolic left ventricular outflow tract gradient as predicted from the echocardiogram and peak systolic pressure and that measured haemodynamically (Tables 1, 3 , Fig. 5 (r=0.89) ).
Three patients showed systolic anterior motion of the anterior mitral valve leaflet, and one of them (case to left ventricular posterior wall ratio was 1.4:1) ( Table 3) . A subaortic diaphragm was identified in all three patients by two-dimensional echocardiography. Two of these patients had left ventricular angiography which confirmed a subaortic diaphragm. In neither patient did the left ventricular cavity show the characteristic appearance of hypertrophic obstructive cardiomyopathy. Nine patients with preoperative echocardiograms had this repeated postoperatively (Table 3 ). In only three of the nine patients were early systolic closure of the aortic cusps and fine flutter of the aortic leaflets absent. In eight patients a minimal increase in the left ventricular outflow tract dimension had occurred. The systolic anterior motion of the anterior mitral valve leaflet in three patients and the asymmetric septal hypertrophy in one shown preoperatively by M-mode echocardiography were not present postoperatively. A residual diaphragm was demonstrated by two-dimensional echocardiography in five patients ( 2, second degree atrioventricular block developed at the time of operation. On discharge, the patient had intermittent second degree atrioventricular block. Four years after operation he was readmitted with complete heart block and congestive heart failure. Repeat cardiac catheterisation showed a gradient in the outflow tract of only 10 to 15 mmHg. After pacemaker insertion the patient is now well.
OPERATIONS
Operative resection of the subaortic stenosis was carried out in 12 patients (Table 4) . Eleven patients had a fibrous or fibromuscular diaphragm excised. The remaining patient had a subaortic ridge removed. The diaphragm was situated close to the aortic valve cusps or a short distance below them but in some cases it was situated obliquely across the left ventricular outflow tract.
The post-resection gradients measured intraoperatively showed a considerable reduction in the outflow tract gradient from that measured preoperatively in all but one patient (Table 5 ). In case 7 there was a slight increase in the gradient after resection of the diaphragm. The subaortic diaphragm was attached to the aortic and mitral valves and technically the resection was difficult.
Repeat operation, four years after the initial operation, was required in case 15 when a significant fibromuscular diaphragm attached to the mitral valve was noted and resected. This was followed by a repeat myotomy and wedge resection of the outflow tract.
All patients survived operation and were discharged from hospital.
FOLLOW-UP
Of the 12 patients undergoing operation one was lost to follow-up. In the remaining 11, the postoperative follow-up ranged from one month to 11 years (mean three years). As described previously one patient had a further operation for recurrence of outflow tract obstruction four years after the first operation. All 11 patients are alive and well and are asymptomatic. Aortic regurgitation remains unchanged in 10 of the 11 patients.
In case 8 who had an aortic valve replacement with a St. Jude's valve, there was no evidence of aortic regurgitation. No patient has a mitral systolic murmur.
Heart size on chest x-ray film was normal in six of the eight patients who had shown an increase in the cardiothoracic ratio. In two patients heart size remained unchanged. The electrocardiogram in the 11 patients remained unchanged in five and in four there was an improvement. In two of these four who had left ventricular hypertrophy with strain pattern, the strain pattern resolved; in the other two patients 8Kan, Varma, Cleland, O'Kane, Webb, Mulholland, Adgey A significant proportion of patients with discrete subaortic stenosis show thickened aortic leaflets.2 5 The incidence of bacterial endocarditis reported in patients with discrete subaortic stenosis varies from 13 to 25%.2 3 It may occur on the subaortic stenosis itself or on other associated coincidental lesions. Thus, the site of endocarditis may be the aortic valve, the subaortic diaphragm, and in occasional cases the outflow tract. An erosion of the obstructing diaphragm may result in loss of obstruction as a result of the endocarditis. 2 In our series only one patient had bacterial endocarditis which resulted in severe aortic regurgitation.
Operation was undertaken in our patients where a peak resting systolic left ventricular outflow tract gradient >50 mmHg was predicted by echocardiography and/or as determined by cardiac catheterisation. In all patients except one there was a significant reduction in the outflow tract gradient immediately after operation. However, a gradient of 60 mmHg was recorded immediately postoperatively. It is therefore imperative that these patients are closely followed. In one patient, recurrence of the outflow tract obstruction occurred four years after the initial operation necessitating a further operation. Significant left ventricular outflow tract gradients have been found postoperatively by other workers.' 6 14 18 20 These may reflect inadequate surgical resection, persistent hypertrophy of the outflow tract secondary to the prolonged fixed obstruction, or proliferation in the area of the previously resected and surviving fibrous tissue. After operation our policy is 
